Criblamydia sequanensis Harbors a Megaplasmid Encoding Arsenite Resistance. by Bertelli, C. et al.
Criblamydia sequanensis Harbors a Megaplasmid Encoding Arsenite
Resistance
Claire Bertelli,a,b Alexander Goesmann,c Gilbert Greuba
Center for Research on Intracellular Bacteria, Institute of Microbiology, University Hospital Center and University of Lausanne, Lausanne, Switzerlanda; SIB Swiss Institute of
Bioinformatics, Lausanne, Switzerlandb; University of Giessen, Systembiologie, Giessen, Germanyc
Criblamydia sequanensis is an amoeba-resisting bacterium recently isolated from the Seine River. This Chlamydia-related bacte-
rium harbors a genome of approximately 3 Mbp and amegaplasmid of 89,525 bp. The plasmid encodes several efflux systems
and an operon for arsenite resistance. This first genome sequence within the Criblamydiaceae family enlarges our view on the
evolution and the ecology of this important bacterial clade largely understudied so far.
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For a few years, new Chlamydia-related bacteria are regularlyreported in samples from various environments and animals,
supporting a large biodiversity within the Chlamydiales order. In
2006,Criblamydia sequanensiswas recovered from a water sample
of the Seine River and isolated using amoebal coculture with the
ubiquitousAcanthamoeba castellanii (1). It is the type strain of the
Criblamydiaceae family (2) that was lately broadened by the report
of a new species called Estrella lausannensis (3). The latter was
isolated from raw surface water samples taken from a Spanish
water-treatment plant (4). C. sequanensis presents a peculiar star-
shaped elementary body on electron microscopy (1), suggesting a
different cell-wall composition than other round Chlamydiales
(5). Genome information is essential to broaden our understand-
ing of this bacterial genus with an interesting structural pheno-
type.
The genomic DNA ofC. sequanensiswas sequenced on a GaIIx
system (Illumina, San Diego) yielding 9,570,346 paired reads of
33 bp that were assembled with SOAPdenovo (6). Velvet (7) and
Abyss (8) assemblies were used to solve some ambiguities within
gaps bymanual refinement, thus generating a draft assembly of 24
contigs larger than 1,000 bp organized in 21 scaffolds. The genome
was automatically annotated by the GenDB system (9) with some
manual improvement.
C. sequanensis presents one of the largest known chromosomes
in the Chlamydiales order with a total contig size of 2,969,839 bp.
The GC content is 38.2%. The chromosome draft is predicted to
encode 2,426 genes. The bacterium likely possesses 4 ribosomal
operons based on the coverage of contigs forming the ribosomal
DNA. Moreover, this organism harbors a circular plasmid of
89,525 bp with a GC content of 40.8%, whose sequence has been
completely solved.
The plasmid encodes 92 proteins, among which 26% do not
have significant homologs in the NR database and 48% are con-
served proteins of unknown function. Plasmid proteins seem to be
of different origins, because they harbor the best BLAST hits
against other Chlamydiales (25%), Proteobacteria (25%), Bacte-
roidetes (7%), Firmicutes (5%),Cyanobacteria (3%), Planctomyce-
tes (1%) and Archaea (1%). In addition, 7% of the proteins are of
phagic origin. The plasmid harbors several cation efflux systems
that have orthologs in other Chlamydia-related bacteria like
Parachlamydia acanthamoebae, Protochlamydia amoebophila, and
Simkania negevensis. Among the 25% genes with a best hit against
Proteobacteria is an unexpected operon for arsenite resistance
that is not found in any other of the sequencedChlamydiales but is
commonly found in environmental bacteria (10). The detoxifica-
tion capabilities are probably linked to particular conditions en-
countered by the bacteria in its natural environmental niche in the
Seine River (11). The availability of a new plasmid sequence
within the Chlamydiales order will help understanding the evolu-
tion of chlamydial plasmids, which were suggested by Collingro et
al. (12) to originate from a conjugative megaplasmid acquired by
a chlamydial ancestor.
Nucleotide sequence accession numbers. The whole-genome
shotgun sequence of Criblamydia sequanensis strain CRIB-18 has
been deposited in the European Nucleotide Archive under the
accession numbers CCEJ010000001 to CCEJ010000023. The
complete plasmid sequence of C. sequanensis strain CRIB-18 is
available under accession number LK031773.
ACKNOWLEDGMENT
Genome sequencing was supported by Suez Ondeo (Paris, France).
REFERENCES
1. Thomas V, Casson N, Greub G. 2006. Criblamydia sequanensis, a new
intracellular Chlamydiales isolated from Seine River water using amoebal
co-culture. Environ. Microbiol. 8:2125–2135. http://dx.doi.org/10.1111/
j.1462-2920.2006.01094.x.
2. Greub G. 2010. International Committee on Systematics of Prokaryotes
Subcommittee on the taxonomy of the Chlamydiae: minutes of the inau-
gural closed meeting, 21 March 2009, Little Rock, AR, USA. Int. J. Syst.
Evol. Microbiol. 60:2691–2693. http://dx.doi.org/10.1099/ijs.0.028225-0.
3. Lienard J, Croxatto A, Prod’hom G, Greub G. 2011. Estrella lausannen-
sis, a new star in the Chlamydiales order. Microbes. Infect. 13:1232–1241.
http://dx.doi.org/10.1016/j.micinf.2011.07.003.
crossmark
Genome AnnouncementsSeptember/October 2014 Volume 2 Issue 5 e00949-14 genomea.asm.org 1
4. Corsaro D, Feroldi V, Saucedo G, Ribas F, Loret J-F, Greub G. 2009.
Novel Chlamydiales strains isolated from a water treatment plant. Envi-
ron. Microbiol. 11:188 –200. http://dx.doi.org/10.1111/j.1462
-2920.2008.01752.x.
5. Rusconi B, Lienard J, Aeby S, Croxatto A, Bertelli C, Greub G. 2013.
Crescent and star shapes of members of theChlamydiales order: impact of
fixative methods. Antonie Van Leeuwenhoek 104:521–532. http://
dx.doi.org/10.1007/s10482-013-9999-9.
6. Li R, Yu C, Li Y, Lam TW, Yiu SM, Kristiansen K, Wang J. 2009.
SOAP2: an improved ultrafast tool for short read alignment. Bioinformat-
ics 25:1966–1967. http://dx.doi.org/10.1093/bioinformatics/btp336.
7. Zerbino DR, Birney E. 2008. Velvet: algorithms for de novo short read
assembly using de Bruijn graphs. Genome Res. 18:821–829. http://
dx.doi.org/10.1101/gr.074492.107.
8. Simpson JT, Wong K, Jackman SD, Schein JE, Jones SJM, Birol I. 2009.
ABySS: a parallel assembler for short read sequence data. Genome Res.
19:1117–1123. http://dx.doi.org/10.1101/gr.089532.108.
9. Meyer F, Goesmann A, McHardy AC, Bartels D, Bekel T, Clausen J,
Kalinowski J, Linke B, Rupp O, Giegerich R, Pühler A. 2003.
GenDB—an open source genome annotation system for prokaryote ge-
nomes. Nucleic Acids Res. 31:2187–2195. http://dx.doi.org/10.1093/nar/
gkg312.
10. Páez-Espino D, Tamames J, De Lorenzo V, Cánovas D. 2009. Microbial
responses to environmental arsenic. BioMetals 22:117–130. http://
dx.doi.org/10.1007/s10534-008-9195-y.
11. Elbaz-Poulichet F, Seidel JL, Casiot C, Tusseau-Vuillemin MH. 2006.
Short-term variability of dissolved trace element concentrations in the
Marne and Seine Rivers near Paris. Sci. Total Environ. 367:278–287.
http://dx.doi.org/10.1016/j.scitotenv.2005.11.009.
12. Collingro A, Tischler P, Weinmaier T, Penz T, Heinz E, Brunham RC,
Read TD, Bavoil PM, Sachse K, Kahane S, Friedman MG, Rattei T,
Myers GSA, Horn M. 2011. Unity in variety—the pan-genome of the
Chlamydiae. Mol. Biol. Evol. 28:3253–3270. http://dx.doi.org/10.1093/
molbev/msr161.
Bertelli et al.
Genome Announcements2 genomea.asm.org September/October 2014 Volume 2 Issue 5 e00949-14
